suppressed (21, 32, 49) . Three days after nephrectomy in hypophysectomized rats, tritiated thymidine shows that mitoses are still Allometry was used to study the effect of growth hormone (GH) 60% as frequent as normal and GH only partially restores this deficiency on compensatory renal growth (CRG) in a dwarf mouse deficiency (32), strain (Little). Nucleic acid and protein estimations were used to study of the role of GH is complicated by the postulated assess changes in cellular hyperplasia and hypertrophy. Nephrec-existence of a GH-related "renotrophic factorn (18), for which tomy was ~erformed at 5,15, or 35 days of age with removal of the there is accumulating evidence in vitro (39, 43) Of because of its similarity to somatomedin (41) (a proposed "second age was closely related to that of the normal heteroz~gote (lit/ messengern for GH (24), but nonsuppresslble, insulin-like activity +). A regression line for the renoprival kidneys in lit/lit animals actually inhibited CRG in hypophysectomized rats, was parallel to that of the right
20.91 to 24.27 (P < 0.001) and the RNA:DNA ratio increased from complications due to hypophysectomy, we chose, instead, to use 0.732 to 0.912 ( P < 0.001), suggesting that cell size was markedly a GH-deficient dwarf mouse strain, increased. These suggest that reduced amounts Of GH The Little mouse (lit), an atellotic dwarf strain (16) , was used in may produce a dissociation between h~p'r~lasia and h~~e r t r o~h~, this study, ~h~ animal's autosomal recessive defect appears to be with CRG occurring predominantly by cellular hypertrophy. a selective deficiency of pituitary GH. resembling type 1 GH deficiency in humans (7, 16) . The mice do not have neonatal or Speculation pubertal growth spurts, but the females are fertile. They grow with Growth hormone deficiency does not prevent compensatory repetitive pregnancies and can achieve normal weights after mulrenal growth, which occurs to the same extent in control and tiple litters. Although pituitary homogenates are deficient in GH growth-hormone-deficient animals, both of which have undergone and prolactin, virgin females are not deficient in circulating pronephrectomy. However, the increase in kidney size is accomplished lactin (27) . GH administration or pituitary implantation leads to predominantly by cellular hypertrophy instead of cell replication. growth (7) . Lactation after the first pregnancy, suggesting prolactin deficiency; however, lactation after subsequent pregnancies is normal (27) . Allometry was used to assess change Hormones secreted by the anterior pituitary gland influence in KW because of its advantages in comparing animals of different both normal renal growth (1, 13, 14, 19, 38) and compensatory sizes. Estimations of nucleic acids and protein were used to assess renal growth (CRG) (45) . Results of studies on CRG with hy-the effect of GH deficiency on cell growth. pophysectomized animals are inconsistent; some suggest suppression of CRG (2-5, 12, 18, 34, 54, 55) , whereas others report that CRG occurs when body weight (BW) is stabilized (9, 11, 15, 20, MATERIALS AND METHODS 21, 42, [46] [47] [48] . In the Snell dwarf mouse (dw) (51) , which has ANIMALS congenital panhypopituitarism, CRG is reported to be normal (6) .
We have chosen to investigate the effect of growth hormone Mice used in the experiment were normal heterozygotes (lit/ (GH) deficiency on CRG. In the hypophysectomized animal, the +) and GH-deficient homozygotes (lit/lit) of the C57BL/6J/lit following results have been reported: GH replacement only par-mouse colony maintained at Royal Children's Hospital, Meltially restores CRG (3) or has no effect at all (46, 47) ; simultaneous bourne, Australia. A small group of mice from the C57BL/6J replacement of GH, ACTH, and thyrotropin causes excessive parent strain (+/+) were also used as controls. CRG (42) , whereas GH, ACTH, and thyroxine only partially
The diet, housing, and details of surgical technique were the restores CRG (18) , and thyroxine alone has no effect (46) . same as described in a related paper (25) .
Although GH is thought to have a primary role in stimulating Some of the "adolescent" (35-day-old) animals (n = 6 in each cell replication (lo), the cellular response during CRG after group) undergoing left nephrectomy or sham operation were hypophysectomy is in dispute. Mitosis in the renoprival kidney is monitored for nutritional analysis. BWs and food and water variously reported to be completely absent (22, 33) or merely consumption were measured daily. (30) . Protein concentration was determined by a modification of the Lowry method using bovine serum albumin as the standard (40). The total amount of DNA, RNA, and protein in each kidney was determined from their respective concentration and KW. The protein:DNA and the RNA:DNA ratios were determined from the total amounts. The protein:DNA ratio reflects the amount of cytoplasm in each cell and is hence an estimate of cell size, presuming a constant water content of the kidney. Kidneys from lit/lit and lit/+ animals were dried to determined the ratio of dry KW (DKW):wet KW. The RNA:DNA ratio represents the number of ribosomes in the cell and provides an indirect estimate of cell size.
DATA ANALYSIS
The data were transformed to logarithms to minimize differences among animal age and size. Linear regression analysis was then used to determine the allometric relationship between KW and BW. Regression equations were calculated by the method of least squares with an Olivetti P602 minicomputer. Analysis of covariance with a sequential F test was used to compare the different groups (36) . The degree of CRG was determined by measurement of the vertical interval between the regression lines for renoprival and control groups. The logarithmic interval, equivalent to a ratio between the (logarithmic) means of renoprival and control KWs was then expressed as the percentage difference between the renoprival and control KWs. Protein and nucleic acid estimations were expressed as mean -+ S.D. and compared by t test.
RESULTS
The BWs of adolescent lit/lit and lit/+ mice were recorded daily from day 35 and are shown in Figure 1 . The lit/lit mice did not have pubertal growth spurts. The mean BW remained in the range of 8 to 10 g. Operation interrupted somatic growth in lit/+ mice for 1 to 2 days and for a slight1 lon er eriod in the lit/lit K g mice. The daily specific growth rate ( BW) between renoprival and sham groups was not significantly different for either lit/lit or lit/+ animals. The total input of water over 15 days was not significantly different between nephrectomized and sham operated groups in both lit/lit and lit/+ animals. Similarly, the chow consumed per 100 g BW each day was not significantly different between lit/lit and lit/+ mice.
Normal renal growth in lit/lit animals from 8 to 50 days of age of a common regression eq;ation (Fig. 3) -The regression slope was 0.84 and was parallel to the control right kidney ( P < 0.001).
The interval between the regression lines was equivalent to a constant difference of approximately 40% between renoprival and control right kidneys. DKW was determined for both lit/lit and lit/+ animals aged between 20 and 50 days ( Table 2 ). The percent DKW at 35 days or 50 days (after nephrectomy or sham operation) was not significantly different, although the percent DKW was consistently lower in the 20-and 30-day-old animals than at 50 days (P < 0.02) for both lit/lit and lit/+ mice.
In the control lit/+ and +/+ mice, the concentrations of kidney DNA, RNA, and protein were not significantly affected by CRG, although there were significant rises in the total amounts ( amount of protein and ribosomes respectively in each cell, were only marginally elevated (Fig. 4) . Inasmuch as RNA and protein concentrations were not affected, the DNA concentration in the GH-deficient mouse was statistically lower after CRG ( P < 0.001). There was a significant increase body wt. gms. in total RNA and protein ( P < 0.005), suggesting very active growth of cellular mass. By contrast, the total amount of DNA was unchanged which suggests suppression of cell replication. The protein:DNA and RNA:DNA ratios were both significantly elevated ( P < 0.001), supporting the conclusion that cell size was markedly increased. These results suggest that with GH deficiency, CRG was occurring predominantly by cell hypertrophy.
DISCUSSION
The Little mouse is a more reliable model for study of G H deficiency than the hypophysectomized rat or the Snell dwarf (dw) mouse because the young virgin animal does not have multiple hormone deficiencies. Nutrition is monitored during CRG because a high protein diet or restricted food and water intake distort the results (44, 50) . Unlike the hypophysectomized rat or the dw mouse, the lit/lit mouse has a normal food intake after operation.
The allometric relationships for the right kidney and for the total renal mass in the lit/lit mouse are very similar to those of the heterozygote control (25) . The slope of the right KW regression is slightly greater in the lit/lit (0.93) than in the lit/+ (-0.86), but the general form is the same. Although extensive data are not available for the +/+ control, there is substantiating evidence from the small numbers in this study that renal growth is the same in both lit/+ and +/+ controls. The growth of the renoprival kidney in the lit/lit animal is similar to that in the normal mouse. The renoprival kidney is 40% heavier than controls, compared with 43% in the lit/+ mouse (25) . This suggests that the mechanism controlling renal size is not affected by GH deficiency which is responsible for the smaller dimensions of the lit/lit mouse. To estimate the number of cells, one assumes that the total DNA content of the kidney represents a distribution of nuclear DNA that is constant (8) . Binucleate and polyploid cells are reported in CRG (52) , but the mean diploid DNA content remains unchanged or is minimally elevated (17) . Therefore, an increase in DNA content is a reasonable indicator of cell replication. The proteirxDNA ratio represents the amount of cytoplasm in each cell and is, therefore, a measure of cell size. The constant ratio of DKW:wet KW found in each group supports the assumption that CRG does not significantly alter the renal water content and, therefore, permits the valid use of this "size" ratio. The RNA: DNA ratio represents the number of ribosomes in each cell, and hence provides an indirect measure of cell size.
In renoprival kidneys of normal mice, increases in total DNA, RNA, and protein represent a combination of cellular hyperplasia and hypertrophy which occurs in CRG (26) . Our values for DNA and RNA concentrations are slightly greater than those reported by others for 42-day-old mice 15 days after nephrectomy (35) . Similarly, the increase in RNA:DNA ratio is not as dramatic as that in older mice (35) . This reflects little increase in cellular polyribosomes. The protein:DNA ratio is only marginally elevated, suggesting that between 35 and 50 days of age CRG occurs by both hyperplasia and hypertrophy in similar proportions.
In the lit/lit renoprival kidney, the lack of DNA accumulation but increase in protein:DNA ratio suggests that CRG may be due to cellular hypertrophy. The total protein and the RNA:DNA ratio are significantly elevated, supporting the view that protein accretion and the number of ribosomes in each cell are greater than in controls. Suppression of DNA accumulation and, therefore, cell replication in the GH-deficient animal suggests that GH may be essential for cell division. Similar results have been found in a study of muscle in lit/lit mice (23). Cheek and Graystone (lo) propose that GH acts primarily to stimulate cell division. The results presented here support such a proposed role for GH in the kidney.
The apparent inconsistency between normal CRG (as measured by KW) and the reported suppression of cell division in hypophysectomized animals can now be explained in the light of the present results. Although the amount of CRG is relatively normal in the GH-deficient mouse, cell division may be suppressed. Lack of GH appears to produce dissociation between hyperplasia and hypertrophy with CRG occurring predominantly by cellular hypertrophy.
